Hypertensive disease of pregnancy, postpartum hemorrhage and infectious syndromes in pregnancy and puerperium are the leading causes of morbidity and mortality for pregnant women around the world. 1 Their frequency varies according to the country and accessibility to health care. 1 Hypertensive diseases, including preeclampsia, complicate 2-10% of all pregnancies. 1-3 In Latin America and the Caribbean, hypertensive disorders are responsible for at least 26% of maternal deaths. 3 Preeclampsia is a multifactorial disease caused by environmental factors that act over a genetic base, permitting the occurrence of this disorder. 4-12 Based on this premise, the risk factors considered for the development of this disease are: overweightness; obesity; nulliparity and multiparity; being at the extremes of reproductive life; vascular diseases, such as chronic hypertension; metabolic diseases, such as diabetes mellitus; collagen diseases, such as systemic lupus erythematosus; multiple pregnancies; maternal and paternal family history 12-14 (paternal imprinting expressed in the mother); pregnancy by assisted reproductive techniques; 12 micropolycystic ovary syndrome with insulin resistance; 15 severe anemia; 16 antiphospholipid syndrome; 17 and low-calcium diets consumed by people living at high altitudes. 18, 19 The interaction of risk factors and multiple polymorphic genes induces the synthesis of several proteins with effects differing from their original function, leading to the impairment of placental perfusion and the consequent production of mediators that damage the endothelium. The main proteins and others factors involved are listed below. 7, 8, 20 Group Ivasoactive and vascular remodeling proteins: nitric oxide synthase; renin; type I and II angiotensin receptors; angiotensin converting enzyme; polycarboxypeptidase; endothelin-1; alpha and beta estrogen receptors; endoglin; tyrosine-kinase fms-like receptor-1; placental growth factor; and vascular endothelial growth factor. 20
Hypertensive disease of pregnancy, postpartum hemorrhage and infectious syndromes in pregnancy and puerperium are the leading causes of morbidity and mortality for pregnant women around the world. 1 Their frequency varies according to the country and accessibility to health care. 1 Hypertensive diseases, including preeclampsia, complicate 2-10% of all pregnancies. [1] [2] [3] In Latin America and the Caribbean, hypertensive disorders are responsible for at least 26% of maternal deaths. 3 Preeclampsia is a multifactorial disease caused by environmental factors that act over a genetic base, permitting the occurrence of this disorder. [4] [5] [6] [7] [8] [9] [10] [11] [12] Based on this premise, the risk factors considered for the development of this disease are: overweightness; obesity; nulliparity and multiparity; being at the extremes of reproductive life; vascular diseases, such as chronic hypertension; metabolic diseases, such as diabetes mellitus; collagen diseases, such as systemic lupus erythematosus; multiple pregnancies; maternal and paternal family history [12] [13] [14] (paternal imprinting expressed in the mother); pregnancy by assisted reproductive techniques; 12 micropolycystic ovary syndrome with insulin resistance; 15 severe anemia; 16 antiphospholipid syndrome; 17 and low-calcium diets consumed by people living at high altitudes. 18, 19 The interaction of risk factors and multiple polymorphic genes induces the synthesis of several proteins with effects differing from their original function, leading to the impairment of placental perfusion and the consequent production of mediators that damage the endothelium. The main proteins and others factors involved are listed below. 7, 8, 20 Group Ivasoactive and vascular remodeling proteins: nitric oxide synthase; renin; type I and II angiotensin receptors; angiotensin converting enzyme; polycarboxypeptidase; endothelin-1; alpha and beta estrogen receptors; endoglin; tyrosine-kinase fms-like receptor-1; placental growth factor; and vascular endothelial growth factor. 20 Group IIthrombophilia and hypofibrinolysis: methyltetrahydrofolate reductase; Leiden Factor V; prothrombin; fetal thrombophilia; plasminogen activator inhibitor-1; B3 integrin; and glycoprotein IIIA. 20 Group IIIoxidative stress, lipid metabolism, endothelial injury: epoxide hydrolase; glutathione transferase; superoxide dismutase; cytochrome P450 1A1; lipoprotein lipase; apolipoprotein E; and long-chain 3-hydroxyacyl-CoA dehydrogenase. 20 Group IVimmunogenetic: human leukocyte antigen; interleukins 1 and 10; and tumor necrosis factor. 20 Physiologically, in order to promote vascular remodeling, the changes of the decidua also occur in the inner area of the myometrium. 21 An interaction of trophoblastic human leukocyte antigen (HLA) C, HLA-E, HLA-G with natural killer cells or dendritic cells or both is necessary for this event to occur. The presence of certain combinations of HLA-C and isoform types of immunoglobulin receptors bound to natural killer cells predispose to preeclampsia. [22] [23] [24] [25] The intervillous blood flow seems to begin by the 7th to 8th week of pregnancy, by connections between spiral arteries and lakes formed in the wall of the implanted blastocyst. 26 A tamponade is formed early by the trophoblast that protects the embryo from high oxygen concentrations.
These blockades are then replaced by the intravascular migration of the trophoblast. 26, 27 The onset of the circulation is normally a progressive periphery-center phenomenon, and high levels of oxidative stress in the periphery may induce the formation of the chorion laeve. 26, 27 Thus, from the beginning of the implantation, this process will determine the absence or a decrease in the replacement of the muscle layer of the myometrial spiral arteries, causing a low flow and high resistance in these vessels instead of what is expected in a normal pregnancy. This determines placental hypoperfusion, hypoxia and the release of pro-inflammatory cytokines that favor the formation of free radicals. 7, 8, 28, 29 Superoxide ion, hydroxyls and hydrogen peroxide damage the lipid bilayer through peroxidation, destroying endothelial cells and exposing the subendothelium 28, 29 to which platelets adhere and release thromboxane A2, causing vasoconstriction and platelet aggregation. Endothelial destruction and decreased prostacyclin production will then occur, with a vasodilating and antiaggregant effect. 28, 29 Placental hypoxia generates the production of soluble fms-like tyrosine kinase receptor-1 (sFlt-1), which binds to the vascular endothelial growth factor (VEGF) and placental growth factor (PlGF) that are responsible for the maintenance of endothelial integrity. 7, 8 Therefore, the clinical expression of this process will involve elevated blood pressure powered by the decrease of nitric oxide and increased endothelin 7, 8, 28, 29 and the presence of urinary protein. 30 The pathophysiology of other signs and symptoms, such as headache, tinnitus, scotoma, vomiting, nausea, epigastric and right upper quadrant pain, oliguria, hyperreflexia, and convulsions 31, 32 involves an imbalance between thromboxane and prostacyclin and the consequences of subsequent hypoxia and ischemia resulting from the obstruction of blood flow. 4, 5, 7, 31, 32 Blood concentration is further increased by volume changes due to loss of protein in the urine because of the presence of glomerular endotheliosis. 31, 32 It is important to note that in the brain there is a significant increase in the production of excitatory amino acids such as glutamate, which binds to the N-methyl D-aspartate (NMDA) receptor, allowing the opening of calcium channels in the cell membrane, with calcium entry into hypoxic cells triggering the typical tonic-clonic convulsions of eclampsia. 33 The classification of hypertensive diseases has been changing, currently comprising preeclampsia-eclampsia, gestational hypertension, chronic hypertension and chronic hypertension plus superimposed preeclampsia, as well as the complication represented by the HELLP (H: hemolysis, EL: elevated liver enzymes, LP: low platelet count) syndrome. 2, 34 We use the term preeclampsia when systolic blood pressure and/or diastolic blood pressure are higher than 140/90 mmHg after 20 weeks of gestation and 300 mg or more of protein in a 24-hour urine collection, or when there is a þ random protein strip or higher, or 24-hour protein levels higher than 300 mg/ dL, and a protein/creatinine ratio greater than or equal to 0.3. The severity of the condition is based on the presence of arterial blood pressure higher than 160/110 mmHg, creatinine higher than 1.1 mg/dL, brain and visual disturbances, platelet count lower than 100.000/µL, and a 2-fold increase in liver enzymes. It should be remembered that the absence of urinary protein does not exclude the diagnosis because the diagnosis is made according to the severity of signs and symptoms even in the absence of proteinuria. 2, 34 Once the diagnosis is made and based on the proposed vascular pathophysiological mechanisms, the therapeutic approach can be focused on four objectives: to prevent and treat seizures; 35 to treat increased blood pressure; to determine the gestational age at which to end pregnancy; and to diagnose maternal and fetal complications.
Regarding the first objective, the drug of choice is magnesium sulfate, 33 which has been used since the early 1900's, although its effectiveness was demonstrated only one century later. 33 Its mechanism of action is central (blocking NMDA receptors) and peripheral, decreasing cytosolic calcium by blocking the calcium channels on the neuromotor plate and increasing intracellular magnesium and acetylcholine in the synaptic gap.
Despite the risk of cardiorespiratory arrest, we can avoid magnesium intoxication with optimal clinical control of respiratory rate, osteotendinous reflexes, and diuresis. A laboratory test is not necessary for the measurements of serum magnesium. 33, 34, 36 If cardiorespiratory arrest should occur, it may be corrected with intravenous calcium gluconate. Magnesium sulfate is administered up to 24 hours after delivery. Vasomotor symptoms should be checked before withdrawal of the drug, since their presence would be an indication to extend its administration. 34 Unlike the first objective, the second one involves some concerns. Three drugs are available for the treatment of hypertensive crises: hydralazine, labetalol and nifedipine. The last two are superior, since hydralazine involves a higher risk of lowering the Apgar score at the first minute and inducing arterial hypotension and oliguria. 34, 37 In contrast, nifedipine improves diuresis by inducing afferent arteriolar vasodilation. However, according to a Cochrane review, 38 medical experience is the determinant factor in choosing the ideal drug for each patient. The objective of the treatment is to maintain a diastolic pressure around 90 mmHg and a systolic pressure not exceeding 160 mmHg. 34, 39 For this purpose, we could use fast or osmotic release nifedipine for maintenance or perform expectant management. Alphametyldopa is another option which is chosen by many clinicians with a broad experience with its use. 34, 39, 40 The determination of the gestational age at which to end pregnancy depends on the presence of complications such as HELLP syndrome, eclampsia and uncontrolled arterial pressure. In any case, the patient should be first stabilized before ending the pregnancy. [41] [42] [43] [44] Between 24 and 34 weeks of gestation, two options are available for the management of severe preeclampsia:
1. interventionist management consisting of lung maturation with steroids and the termination of pregnancy; 2. expectant management consisting of lung maturation with steroids, determining whether platelet counts are above 100,000 µL, checking for the presence of vasomotor symptoms, determining if systolic blood pressure is below Rev Bras Ginecol Obstet Vol. 38 No. 8/2016
160 mmHg and diastolic blood pressure is about 90 mmHg with or without drugs, and checking for adequate diuresis with or without fluids, in order to give the fetus more days in the uterus. [41] [42] [43] [44] An important factor to consider in the management of preeclampsia is fluid therapy. Although there is this false idea not supported by scientific evidence that enhancing the entry of fluids will improve the prognosis, intravascular volume expansion carries a serious risk of volume overload, which could lead to pulmonary or cerebral edemas. Physicians should be careful because of the risk of acute lung edema with the excessive use of fluids. 45, 46 Finally, in order to fulfill the objective of diagnosing maternal and fetal complications, we should determine perinatal comorbidities such as oligohydramnios, intrauterine growth restriction and abruption. For this purpose, we may use fetal biometry, umbilical artery, middle cerebral artery and venous duct flowmetry, and cardiotocography. 47 Checking fetal movements daily, using a non-stressful test twice a week, determining fluid volume weekly and fetal growth every two weeks are helpful for the assessment of fetal wellbeing. 2, 48 In addition to the immediate risks and complications for both mother and fetus, gestations that include fetal exposure to preeclampsia appear to elevate the risk of cerebrovascular and neuroanatomical changes during development. Such changes during fetal life may explain the postnatal findings of elevated risks for stroke and specific deviations of cognitive functioning, including visual spatial processing and memory, as shown in an initial pilot study by a group of researchers at Queen's University, published in this issue. 49 Although we have presented a review of the epidemiology, physiopathology, clinical features, diagnosis and treatment of hypertensive disease of pregnancy, we believe that the main goal should be to identify patients without a previous history of preeclampsia but with potential risk factors. In this situation, we should apply predictive tests to these patients in order to determine the risk and to administer low doses of calcium and aspirin if necessary. 2, 43, 44 However, the available predictive tests are useless. Furthermore, many biomarkers have been suggested, 50 but none has been demonstrated to be sufficiently predictive. The combination of three interventions, that is, risk factors questionnaire, uterine artery flowmetry and some biomarkers, such as serum pregnancy-associated plasma protein-Av (PAPP-A), sFlt-1 and PlGF, 50 performed during the first or second trimester may allow us to predict the possibility of the disease and to reduce the risk preeclampsia complications. 2, 7, 51, 52 Calcium administered at a daily dose of 1.5 to 2 g has proved to decrease the risk of preeclampsia in patients with low calcium intake 34 or with risk factors or positive predictive tests for the disease. At these doses, calcium reduces the release of the parathyroid hormone, thus reducing cytosolic calcium and vascular hyperresponsiveness. 43 Low aspirin doses of 80 to 150 mg have produced a modest drop of the disease in patients with risk factors. 53, 54 The mechanism of the drug is mediated by the irreversible blocking of platelet cyclooxygenase 1 and 2, inhibiting the aggregation and the release of thromboxane. 43, 44 Other drugs, such as low molecular weight heparins added to aspirin, have been suggested, but their efficacy still needs to be demonstrated. 55 In view of the aforementioned considerations, we can see that progress is being made in the understanding of the pathophysiology of preeclampsia that allows us to explore new fields of scientific research, seeking therapeutic interventions to achieve success in the management of the disease. 49 Additionally, the advance of knowledge about the disease prediction should substantially contribute to the better understanding of the prevention of preeclampsia and consequently the reduction of maternal and perinatal morbidity and mortality.
